Chagas' disease is characterized by a short and frequently nonsymptomatic acute phase, followed by a chronic phase with a variable clinical course and different manifestations. Most patients have the indeterminate form of infection and never develop the disease, while others may exhibit cardiac, digestive, cardiodigestive, or neurological symptoms or even acute exacerbations. The prevalence and geographical distribution of the clinical forms of Chagas' disease vary among countries and even among different areas where the disease is endemic within the same country (6) . The exact causes of the pleomorphism of Chagas' disease remain unknown, and even a major role of the parasite in determining the pathogenesis of the disease has already been challenged (19) . However, immunohistochemical techniques (12) and PCR (13, 14, 36) have shown a strict correlation between the presence of the parasite and tissue lesions (33) .
Trypanosoma cruzi populations show a high degree of intraspecific variability detected by biological, biochemical, immunological, and genetic markers (20) . Nevertheless, until now such polymorphism could not be properly correlated with the clinical manifestations of the disease. Early studies based on enzyme electrophoresis classified T. cruzi populations into three major zymodeme groups, named Z1, Z2, and Z3 (22) , but when using more enzyme markers a greater heterogeneity was disclosed (34) . T. cruzi populations are now generally clustered into two major phylogenetic groups based on miniexon and rRNA gene polymorphism analyses (9, 32) . These major lineages, named T. cruzi I and T. cruzi II (2a), are associated with sylvatic (Z1) and domestic (Z2) transmission cycles, respectively. Further evidence suggested that T. cruzi II populations could be more complex than originally thought, being subdivided into five groups (IIa to IIe) (4, 5, 17) . Recent results, however, have demonstrated that T. cruzi populations showing distinct and/or hybrid characteristics, including those belonging to Z3, can be clustered into a third major lineage (3, 30) .
Findings related to the genetic variability of T. cruzi kinetoplast DNA (kDNA) minicircles suggest that the degree of similarity displayed by the profiles of two strains reflects, at least in part, the genetic distance between them (37). An association between tissue tropism and parasite-specific clones has been demonstrated in humans and mice, with possible implications for the clinical forms of Chagas' disease (2, 36) .
New clinical and epidemiological perspectives could be generated with the genetic characterization of T. cruzi strains recently isolated from chagasic patients resident in an area where the disease is endemic that presents several clinical forms of the disease. In this context, we have characterized the rRNA gene and kDNA sequences of T. cruzi populations isolated from patients whose clinical presentations of Chagas' disease were carefully analyzed in order to investigate a possible association between genetic parameters and pathogenic potential.
MATERIALS AND METHODS

Patients.
Our sample was composed of 132 chagasic patients referred for clinical and parasitological evaluation at the Universidade Federal do Triângulo Mineiro (UFTM; Uberaba, Minas Gerais, Brazil). Most of the patients (127/132) come from a region of southeast Brazil (Minas Gerais) where Chagas' disease is endemic and where vectorial transmission has been interrupted. In this region, there are extensive variations in the prevalence of Chagas' disease and its distinct clinical manifestations can be observed. Three types of serological tests confirmed the chagasic etiology of patients: indirect immunofluorescence, indirect hemagglutination, and enzyme-linked immunosorbent assay. The clinical classification of the patients was based on the results of esophagrams, electrocardiograms, barium enemas, and/or the number of days of constipation. Of the 132 patients studied, 12.9% had the indeterminate (I) form of Chagas' disease, 33.3% had the cardiac (C) form, 4.5% had megacolon (MC), 11.4% had megaesophagus (ME), and 37.9% had mixed forms (3.8% MC-C, 22.7% ME-C, and 11.4% ME-MC-C). T. cruzi strains were isolated from 70 autochthonous patients with positive blood cultures and different clinical forms of Chagas' disease. This work and all procedures were carried out with the informed consent of the participants and were approved by the Medical Research Ethics Committee of UFTM. Experiments were performed in a double-blinded fashion, and patients were numbered chronologically.
Parasite isolation and DNA extraction. Parasite isolation was performed by blood culture as previously described (16) . Immediately after collection, 30 ml of venous blood was centrifuged at 4°C and 1,000 ϫ g for 10 min in order to remove the plasma. The packed blood cells were washed by centrifugation at 4°C in 10 ml of liver infusion tryptose (LIT) medium, resuspended in 6 ml of LIT medium, and uniformly distributed among six plastic tubes. Cultures were maintained at 28°C, homogenized weekly, and examined monthly for 90 days. Microscopic examination was carried out in 10-l aliquots of each preparation under a 22-mm 2 coverslip at a magnification of 150ϫ. In order to minimize parasite selection, positive blood cultures in LIT medium were maintained in individual tubes in the laboratory for a short period of time without passage. LIT medium was added every 10 to 15 days for a maximum of 8 weeks. Culture samples were then collected and mixed with equal volumes of a 6 M guanidine hydrochloride-0.2 M EDTA solution and stored at 4°C for DNA extraction. Positive blood culture samples collected in guanidine-EDTA were boiled for 15 min before DNA extraction, which was carried out in duplicate with 200 l of guanidine-EDTA-blood as previously described (11) .
LSSP-PCR. Genetic characterization of T. cruzi kDNA was performed by low-stringency single specific primer PCR (LSSP-PCR), a technique which allows the generation of specific gene signatures and which has been shown to be reproducible and sensitive (37) . The technique is based on a two-step procedure. The first one consists of the specific PCR amplification of a 330-bp fragment corresponding to the four variable regions of T. cruzi kDNA with primers 121 (5Ј-AAATAATGTACGGG(T/G)GAGATGCATGA-3Ј) and 122 (5Ј-GGTTCG ATTGGGGTTGGTGTAATATA-3Ј) (Operon Technology Inc., Alameda, CA) and 1.0 U of Taq DNA polymerase enzyme (Promega, Madison, WI). The PCR-amplified products were submitted to electrophoresis in a 1.5% agarose gel (1.0% agarose, 0.5% low-melting-point agarose) and ethidium bromide stained. The 330-bp fragments of individual amplifications, corresponding to approximately 150 ng of DNA, were excised from the gel, melted, diluted 10-fold in double-distilled water, and used as the template for a second step of amplification with a single 121 modified primer (5Ј-AAATAATGTACGGGGGAGATG-3Ј). The LSSP-PCR products were then visualized by 7.5% polyacrylamide gel electrophoresis after silver staining. In order to demonstrate the stability of the amplification, each DNA sample was analyzed in duplicate. The genetic profiles obtained were analyzed by the DNA-POP software, which compares the number of DNA bands shared between strains (27) .
PCR amplification of the D7 domain of the 24S␣ rRNA gene. Divergent domain D7 of the 24S␣ rRNA gene was PCR amplified with D71 (5Ј-AAGGTGCGTCG ACAGTGTGG-3Ј) and D72 (5Ј-TTTTCAGAATGGCCGAACAGT-3Ј) (Operon Technology Inc., Alameda, CA) as described previously (32) . PCR products were visualized by 6.0% polyacrylamide gel electrophoresis after silver staining. The amplification of a fragment of 110 or 125 bp identified the T. cruzi population as belonging to T. cruzi I or T. cruzi II, respectively (2a).
RESULTS
Clinical and parasitological characteristics of patients.
Blood culture positivity was 53.03% (70/132), and we did not observe differences in the distribution of clinical forms between patients with positive blood cultures and patients with negative blood cultures. Of the patients with positive parasitological evaluations, 11.43% had the I form and 88.6% had clinical manifestations of Chagas' disease; 27.14% had the C form, 14.3% were diagnosed with ME, and 2.85% were diagnosed with MC. Other patients had associated clinical forms; 4.28% had MC-C, 25.7% had ME-C, and 14.3% had ME-MC-C ( Table 1 ). The intensities of the pathological alterations in the C form varied from I to III, and the degrees of ME varied from II to IV (21, 26, 29) .
Molecular characterization of T. cruzi genotypes. T. cruzi strains isolated from chagasic patients were initially characterized by PCR amplification of the 3Јregion of the 24S␣ rRNA gene (Fig. 1) . All of the parasite strains isolated presented the amplification of a 125-bp fragment, which demonstrates that they belong to T. cruzi II, which is associated with the domestic Intraspecific diversity of T. cruzi strains. In order to conduct an extensive investigation concerning the occurrence of putative genetic profiles associated with each of the clinical forms of Chagas' disease, we carried out comparative LSSP-PCR analyses among parasites isolated from patients with the same clinical forms of the disease. Analysis of the genetic profiles obtained from the variable region of T. cruzi kDNA minicircles showed a high degree of intraspecific variability. A unique T. cruzi LSSP-PCR gene signature was obtained for each patient (Fig. 2) . A high degree of genetic polymorphism was observed in the kDNA sequences of T. cruzi strains isolated from patients with the same clinical form of the disease, irrespective of the severity of the lesions, showing the following percentages of shared bands: MC-C, 55%; MC, 53%; ME-MC-C, 41%; ME, 39%; I, 34%; C, 27%; ME-C, 26%. The highest percentage of similarity was detected within T. cruzi isolates from patients who presented complex clinical manifestations associated with MC (Table 1) ; however, the sample size is not enough to draw any conclusions. The simultaneous comparison of 21 representative samples of all distinct clinical forms of Chagas' disease also revealed an intense kDNA polymorphism, with an average of 27% of the bands shared by pairs (Table 1) .
DISCUSSION
In this study, most of the patients examined had typical clinical symptoms of Chagas' disease (88.6%), with a high frequency of mixed forms (44.3%) and few intermediate-form cases, probably because they were selected in a hospital unit. T. cruzi II was detected in all of the patients, including those without clinical alterations, and was also found to be associated with different symptoms and various degrees of pathological processes in all clinical forms of the disease, although T. cruzi I is present in the sylvatic transmission cycle in the region of Triângulo Mineiro (28) .
Our findings are in agreement with previously published data from other Brazilian areas where the disease is endemic and where T. cruzi II is mainly distributed in the domestic cycle and is associated with severe human infections (8, 38) . Furthermore, the presence of T. cruzi II in cardiac and megaesophagus lesions of distinct chagasic patients was recently demonstrated (10) . Moreover, high incidences of human chagasic cardiac lesions in Argentina (23) and digestive forms in Brazil (15) have also been correlated with the Z12 and Z2 zymodemes, respectively, both associated with T. cruzi II. These and other results have been used as evidences that humans could act as a biological filter selecting more adaptable T. cruzi strains (17) . When clinical-genetic approaches are adopted, it is important to take into account the facts that some patients may harbor more than one T. cruzi population (25, 35) and that tissue and blood samples or isolates may not represent all of the clones of a strain. As a result of low parasitemia, different parasite populations with distinct tissue tropism may not always be detected and it is also possible that some clones are selected by the available isolation techniques. A high intraspecific variability among the T. cruzi II kDNAs was demonstrated by the diversity of LSSP-PCR gene signatures, which did not correlate with clinical manifestations. Although most of the isolates had the same geographical origin, the parasite genetic profiles were unique and specific for each patient, irrespective of the clinical features and stages of the disease. The intense polymorphism of kDNA may result from the presence of different classes of minicircle sequences in each parasite characterized, the high mutation rates in their hypervariable regions (31) , reversible changes in kDNA minicircle sequences (1), or the low sequence identity among them (7) . However, we cannot rule out the possibility that the hypervariability of kDNA gene signatures is a result of several years of an intimate host-parasite interaction in specific tissues with active pressure from the immune system. These factors may explain the difficulty in establishing genetic profiles associated with specific clinical manifestations. Therefore, studies using DNA fingerprinting (18) and restriction fragment length polymorphism of kDNA minicircles (24) have failed to correlate specific variability markers with the clinical prognosis of Chagas' disease (17) .
The correct choice or development of other genetic markers based on both nuclear and kDNA variability could define the role of T. cruzi in determining the clinical forms of Chagas' disease. One important question to be answered is whether the stability of a clinical form would correlate with changes in parasite genetic profiles of a chagasic patient over a few years. Several factors should be further investigated in carefully controlled clinical and epidemiological studies in different regions where the disease is endemic in order to better address this issue.
